The disease produced in rabbits by local inoculation with highly virulent strains of Treponema pallidum bears a close resemblance to human syphilis in many respects and is distinctly different in others. The analogy is especially close during the early stages of the disease. As the infecting organisms multiply at the site of inoculation, a primary lesion develops and treponemata are distributed to all parts of the body by way of the blood vessels and lymphatics, giving rise to secondary lesions in such organs or tissues as the skin and mucous membranes, bones, and eyes; in male rabbits, an uninoculated testicle is almost invariably affected; and destructive lesions are frequently found in the lymph nodes draining an area that is the seat of a primary or secondary focus of infection. Furthermore, treponemata are present in the blood in variable numbers throughout the period of active primary and secondary infection and may be recovered from the lymph nodes and other organs at any time during the life of the animal.
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The disease produced in rabbits by local inoculation with highly virulent strains of Treponema pallidum bears a close resemblance to human syphilis in many respects and is distinctly different in others. The analogy is especially close during the early stages of the disease. As the infecting organisms multiply at the site of inoculation, a primary lesion develops and treponemata are distributed to all parts of the body by way of the blood vessels and lymphatics, giving rise to secondary lesions in such organs or tissues as the skin and mucous membranes, bones, and eyes; in male rabbits, an uninoculated testicle is almost invariably affected; and destructive lesions are frequently found in the lymph nodes draining an area that is the seat of a primary or secondary focus of infection. Furthermore, treponemata are present in the blood in variable numbers throughout the period of active primary and secondary infection and may be recovered from the lymph nodes and other organs at any time during the life of the animal.
We have, however, no definite knowledge of the occurrence of visceral syphiHs in the rabbit comparable to the disease seen in man. A variety of lesions, gross and microscopic, are found in the internal organs of rabbits infected with Treponema pallidum and some of these have been attributed to syphilis; this is especially true of certain microscopic lesions in the central nervous system, but in no case has it been shown that any of these conditions were of syphilitic origin. The evidence submitted is largely morphological, reinforced in some cases by animal inoculation. The lesions described are, however, indistinguishable from those seen in the organs of normal rabbits, and the use of animal inoculation has added nothing to the morpho5Ol logical evidence since, at the time chosen for the inoculation of tissue emulsions, it is practically certain that the blood contained treponemata in sufficient numbers to render an emulsion of any organ infective. Under these circumstances, a positive result is of no value unless it is controlled by an accurate determination of the relative infectivity of the blood and tissue emulsion; even this would leave the matter in doubt as treponemata may be recovered from organs that show no characteristic lesions. There is no doubt that the experimental infection differs from that of man with respect to the occurrence of visceral disease. Some of the lesions seen in the internal organs of rabbits may be due to syphilis, but the evidence available at the present time would indicate that, if visceral lesions occur at all, they are extremely rare or very minute, and the nature of the lesions, the frequency with which they occur, and the biological factors which account for the presence or absence of visceral lesions are still undetermined.
During the past 10 years we have examined a great many rabbits infected with Treponema pallidum and in a number of instances have found a granulomatous myocarditis which appears to be peculiar to syphilitic rabbits. The object of this paper is to report the results of a study of six animals that showed characteristic and pronounced macroscopic and microscopic lesions of the myocardium. The cases to be reported were observed during 1919, 1920, and 1921, but, as we were unable to obtain conclusive proof of their syphilitic origin at that time, publication was deferred with the hope that other cases might be encountered, and to afford an opportunity for a more exhaustive study of myocardial affections in rabbits that were not infected with Treponema pallidum since it appeared that the final decision of origin might rest upon a differentiation of the myocardial lesions found in syphilitic and non-syphilitic rabbits.
EXP~,RTM-ENTAL.
Clinical ttistory and Postmortem Examination.
Rabbit/.--Inoculated December 10, 1918, in both scrota with the ZinsserHopkins strain of Treponema pallidum. The primary lesions were small and of the type of a diffuse infiltration with extension along the perivaseular lymphatics. There was an unusually marked lymphadenitis and in March, 1919, a small and transient periosteal nodule developed on one of the bones of the forearm. On April 29, the animal was killed for postmortem examination. Duration of infection 140 days.
The pericardium was filled with a clear almost colorless fluid. The heart was considerably enlarged and in the wall of the left ventricle there was a conspicuous mass composed of a pale, semitranslucent tissue of a firm, elastic consistency. This mass occupied the greater part of the outer wall of the left ventricle, the lower half of the septum, and a small portion of the wall of the right ventricle in the region of the apex; it was clearly demarcated at the periphery.
Rabbit 2.--Inoculated February 24, 1919, in both scrota with the Nichols strain of Treponema pallidum. The primary lesions developed rapidly and on March 21 (25 days after inoculation) the animal was used in a therapeutic experiment. The chancres were completely healed at the end of 2 weeks but 2 weeks later an active orchitis developed in the right testicle; the left testicle also became affected and a small periosteal granuloma developed on the left external malleolus but there was no recurrence of the scrotal lesions. The right testicle was removed May 151 and the animal was killed for postmortem examination on May 22. Duration of infection 87 days; time from treatment 62 days, from appearance of testicular lesions 31 days.
The pericardium contained an excess of clear fluid. In the outer wall of the left ventricle there was a circumscribed nodule which presented essentially the same appearance as the lesion described in Rabbit 1 ( Figs. 1 and 2 ). This mass protruded above the level of the surrounding muscle and measured 1.2 cm. in cross-diameter by 1.0 cm. in thickness. The lesion was wedge-shaped with the base toward the endocardium. The cut surface was moist and distinctly slimy. A bilateral orchitis developed after an unusually short incubation period for this type of inoculation (28 days). The right testicle was removed on November 19. During the following week the lesion in the left testicle increased at an extremely rapid rate, forming a mass about three times the size of the normal testicle. The animal was killed 39 days after inoculation or 11 days after the appearance of the initial lesion.
Externally, the heart presented a normal appearance but on opening the left ventricle a large part of the septum and a portion of the outer wall were found to contain a thin mass of pale, yellowish gray tissue (Fig. 3) . The affected area measured approximately 1.0 cm. in cross-diameter, it was slightly elevated, firm, and elastic, and extended 2.0 to 3.0 ram. into the underlying muscle. The heart was unusually large. Both ventricles and auricles were greatly dilated and filled with blood, giving the heart a distinct globoid shape which was not materially altered by rigor morris (Fig. 4; cf. Fig. 1 ). Externally, there was a definite but rather diffuse area of pale yellowish gray discoloration which extended entirely across the surface of the left ventricle and faded diffusely into the surrounding tissues. On section, it was found that this condition extended through the wall of the heart in increasing degree, forming a broad band which completely girdled the base of the left ventricle on its inner surface. There were a few petechial hemorrhages beneath the endocardium and in the substance of the papillary muscles.
All of the internal organs were intensely congested.
Rabbit 5.--Inoculated in both testicles December 2, 1919, with blood from a rabbit infected with the Nichols strain of Treponema pallidum. A bilateral orchitis developed at the end of 43 days and both testicles were removed at this time.
Between the 86th and 98th days after inoculation small secondary lesions developed on the nasal bones, eyelids, and the skin of the face. These were still present when the animal was killed for postmortem examination on March 22, 1920. Duration of infection 110 days; time from appearance of prinmry lesions and castration 67 days.
The heart was considerably enlarged and the pericardium slightly thickened. In the region of the apex there was a large, irregular, slightly depressed lesion in the wall of the left ventricle which presented the appearance of a fresh scar with lines of translucent tissue radiating outward into the surrounding muscle. The lesion extended through the wall of the ventricle, forming an irregular band which encircled the left ventricle in the region of the apex (Fig. 5) . The left ventricle was dilated and its walls thickened; the mitral ring was widened; the left auricle was dilated and its wall thickened; the walls of the right ventricle were slightly thickened.
Rabbit 6.--Inoculated in the right testicle January 17, 1921, with the ZinsserHopkins strain of Treponema pallidum. The course of disease in this animal was rather severe. The incubation period was 8 days; metastatic lesions developed in the left testicle and tunics 30 days after inoculation and were followed by a rather extensive involvement of lesions of bones (64 days), mucocutaneous borders (87 days), and skin (93 days). Significant features of the disease were: a very short incubation period and the early development of lesions in the uninoculated testicle, the occurrence of slight testicular lesions followed by atrophy of the testicles and extension of the infection to the tunics and scrotum with the formation of numerous small nodules, the presence of longer intervals than usual between the development of successive groups of generalized lesions, the destructive character of the lesions, and a persistent activity of all lesions for a period of more than 6 months associated with distinct constitutional symptoms and pronounced physical deterioration. The lesions healed during the summer and the animal was killed for postmortem examination January 26, 1922. Duration of infection i year.
The heart was considerably enlarged (weight 3.66 gin. per kilo as compared with a mean normal weight of 2.85 gin.). In the outer wall of the left ventricle there was a dense, opaque, yellowish white mass which measured about 1.0 cm. in diameter; it was slightly depressed and fairly well circumscribed. This mass extended through the wall of the ventricle and on the inner surface of the ventricle a series of irregular opaque white lines and patches radiated outward from the central lesion (Fig. 6) . The mitral ring was widened and the walls of the left auricle and ventricle were thickened and the papillary muscles hypertrophied; there was slight thickening of the wall of the right ventricle.
Examination for Treponemata.
Fluid expressed from the myocardial lesions of Rabbits 2 and 3 was examined by dark-field illnrolnation but no treponemata were found. Tissues from the lesions of Rabbits 1 to 4 were also stained by the Levaditi method but no organisms couid be found in the sections or in sections of control tissues that were known to contain treponemata in abundance.
Microscopic Examination.
Microscopically, the hearts of all animals showed lesions of a common type. The fundamental change was a myocardial degeneration and necrosis associated with woliferation of connective tissue and cellular infiltration. The condition found in individual animals differed with respect to the apparent age and extent of the lesions and the details of the pathological process. The earliest lesions were in Rabbits 2, 3, and 4. That in No. 4 was probably the earliest of the group and will serve as the basis for a description of the conditions present at this stage in the development of the lesions.
The outstanding feature of the condition found in the heart of Rabbit 4 was a widespread degeneration and necrosis of individual muscle fibers. The change was most marked in the immediate vicinity of small and medium size blood vessels, as shown in Fig. 7 , but was not confined to such locations. The majority of the muscle fibers (Fig. 8) were swollen, pale staining, coarsely granular, or vacuolated, and many of them were in process of disintegration; others were small and granular or showed an intense hyaline change. The nuclei stained very irregularly. Some were swollen and extremely pale, others were shrunken, pycnotic, and irregular in outline.
The growth of connective tissue and infiltration of wandering cells were comparatively slight. The connective tissue was distinctly myxomatous in type and was practically confined to those areas in which the degeneration and necrosis of muscle fibers were most pronounced. A few lymphocytes, plasma cells, and polymorphonuclear leucocytes, chiefly eosinophils, were distributed diffusely through these same areas; they were present in about equal proportions and showed no tendency to perivascular arrangement other than that incident to the location of the lesions.
No definite alteration could be detected in the vessels as a whole. A few of the medium size vessels showed a suggestion of degeneration of the intima and media and occasionally leucocytes were seen in process of migration through the vessel wall.
The most pronounced lesions were in the papillary muscles and trabecuhe. Several of these structures showed extensive degeneration and necrosis of muscle elements with proliferation of connective tissue, cellular infiltration, and hemorrhage. The condition seen elsewhere was essentially the same as that shown in Figs. 7 and 8.
The lesions in Rabbits 2 and 3 appeared to be more advanced and of a milder grade. The degeneration and necrosis of muscle fibers were not so marked or extensive as in Rabbit 4 but there wasa distinct interstitial edema or mucoid infiltration and the proliferation of connective tissue was greater; there was also a slight increase in the cellular infiltration (Figs. 9 and 10 ). The feature of especial interest, however, was a more definite perivascular localization of the myocardial lesions as shown in Fig. 9 . In other places, the lesion still retained a diffuse character (Fig. 10) . The only difference between Rabbits 2 and 3 was that the focal lesions were slightly larger in No. 3 while the diffuse reaction was less.
Rabbit 1 (Figs. 11 and 12) showed a condition which appeared to be an advanced stage of a lesion comparable to that seen in Rabbit 4. The degeneration and necrosis of muscle fibers were widespread and diffuse with definite intensification in the regions about the blood vessels. In this instance, there was considerable replacement of heart muscle by a myxomatous granulation tissue and a well marked cellular infiltration without definite perivascular arrangement.
The final stages of the lesion were seen in Rabbits 5 and 6 (Fig. 13) . In these cases, there were dense masses of fibrous connective tissue which contained neither heart muscle nor wandering cells. These masses gradually diminished from the center toward the periphery, giving place to a finer network of slightly cellular connective tissue surrounding small islands and strands of heart muscle and separating individual muscle fibers. Some of the fibers were hypertrophied, others were atrophic, and many of them showed pronounced degenerative changes. In their grosset aspects, the healed lesions suggested a terminal stage of a process analogous to that seen in Figs. 11 and 12 , while in their finer details they were more analogous to the condition shown in Fig. 10 .
DISCUSSION AND CONCLUSIONS.
The only evidence that could be accepted as conclusive proof that the myocardial lesions reported were due to syphilis is the demonstration of treponemata in numbers by dark'-field illumination or in stained preparations. Animal inoculation would have contributed little or nothing to the diagnosis as five of the six rabbits showed active syphilitic lesions in other parts of the body at the time of autopsy and it was practically certain that their blood contained living organisms. In Rabbit 6, it is possible that animal inoculation might have been helpful on the general principle that a tissue once the seat of a localized syphilitic infection is prone to harbor treponemata indefinitely.
At the time these lesions were noted, however, we were by no means certain that they were syphilitic and were inclined to trust to the demonstration of treponemata in tissues for a diagnosis. The demonstration of organisms by any method would have been decisive but the failure to do so has only a limited significance. The dark-field examinations were limited to fluid expressed from the cut surface of the lesions and this may not have been sufficient to dislodge organisms from the tissues. Still, if treponemata were present in these particular instances it would appear that they were not numerous. The failure to find them in tissues treated by the Levaditi method is of no particular significance as control tissues were also negative. In our experience, such results are not unusual, particularly so where one is dealing with strains of paIlidum that have been carried in rabbits for many years.
The interpretation of the conditions described rests, therefore, on the pathology of the lesions and the circumstances of their occurrence. The clinical history is strongly suggestive of a relation between the myocardial lesions and the syphilitic infection in five of the six rabbits. In these cases, the myocarditis developed at about the time other generalized manifestations of disease usually occur and in several instances was closely associated with the development of such lesions. In the sixth animal, the interval between the period of active disease and autopsy was too long to permit of definite correlation but, in this case, all lesions had healed.
Another connecting link is to be found in the striking macroscopic resemblance of the myocardial granulomata to circumscribed syphilitic lesions in any other organ or tissue of the rabbit that have not been exposed to secondary infection. Microscopically, the analogy is not complete in all respects. It is well to remember, however, that the histology of syphilitic lesions in any given organ or tissue varies within certain limits, as do the clinical manifestations of disease, that there are even greater differences between the lesions of different organs, and that there is no characteristic feature of the pathological process that is constantly present, unless it be some evidence of a relation of the primary injury to blood vessels and lymphatics. We might be misled, therefore, if we expected a syphilitic myocarditis to agree in all respects Mth syphilitic lesions in other tissues.
So far as the rabbit is concerned, we have no closely analogous condition with which a comparison might be made but the lesions under consideration agree in almost every detail with the description given by Warthin of syphilitic myocarditis in man (1, 2) . The only essential difference is the absence of a perivascular accumulation of wandering cells, but even this difference is offset by a perivascular arrangement of the lesions themselves. Moreover, as far as the changes go, they are typically syphilitic. The features of the conventional syphilitic reaction that are absent, or present in relatively slight degree, are decided alterations in the blood vessels and a pronounced perivascular arrangement of wandering cells. Where these conditions are present they have a distinct diagnostic value but they are not indispensable features of the syphilitic reaction in man or animals and are frequently slight or entirely absent in the critical or more malignant lesions of rabbits.
Myocardial lesions of various types are comparatively common in stock rabbits (3) but the great majority of them are of microscopic proportions and bear no resemblance to the conditions described above. In very rare instances, a suppurative myocarditis may lead to the formation of granulomatous masses or scars but even these are readily identified by the presence of mass necrosis, dense infiltrations of polymorphonuclear leucocytes, and miliary abscesses in the surrounding tissues as shown in Figs. 14 and 15.
As far as we have been able to determine, the lesions described are peculiar to syphilitic rabbits, and it seems practically certain that they are true examples of syphilitic myocarditis. Similar lesions might be produced by other experimental agencies but the histopathology is sufficient to distinguish them from any known lesion of spontaneous origin. The distinctive features of the condition are a primary degeneration and necrosis of individual muscle fibers associated with a growth of myxomatous connective tissue and infiJtration of wandering cells with a predilection for tissues in the immediate vicinity of small and medium size blood vessels. The peculiar nature of the degenerative change in the muscle, the myxomatous character of the connective tissue, interstitial edema or mucoid infiltration, and the mixture of mononuclear and polymorphonuclear leucocytes with eosinophilic granules appear to be significant features of the active lesion. Healing is apparently accomplished by simple conversion of cellular connective tissue into dense fibrous tissue rather than by mass necrosis and softening with subsequent replacement of necrotic tissue as in the case of large gummata or of bacterial infections. Attention may also be called to the fact that the most extensive changes and probably the earliest lesions are found in close association with the endocardium. That is, the lesions of the heart occupy essentially the same position and structurally they are of the same character as the vascular lesions of syphilis in man or experimental animals. We regard this as a highly significant feature of the myocardial affection.
Very little can be said concerning the frequency with which lesions of this type occur. We have limited our report to six cases in which there were conspicuous granulomatous masses in order to avoid any possible confusion with conditions that are of microscopic proportions. It is obvious, however, that smaller lesions must occur and we have found a number of cases in which a diagnosis could be made without difficulty on the microscopic findings. But, the material available cannot be used for an estimation of the probable frequency of myocardial involvement as the time of occurrence and the fate of small lesions are factors for which proper corrections cannot be made. Still, the present studies have an important bearing on the question of myocardial involvement and the biological relation of syphilitic myocarditis to other manifestations of disease. The fact that so few cases of pronounced granulomatous myocarditis have been encountered is sufficient evidence that this form of the disease is rare and that its occurrence is probably determined by some unusual combination of conditions. In this connection, it is of interest to note that the cases reported occurred in the spring or fall of 3 successive years (1919-21) which coincides with a 3 year period during which syphilis was much more severe in our animals than at any other time during the 10 years that we have been studying this disease. Moreover, they occurred at times and in groups of animals in which syphilis displayed a maximum severity. Still, with a single exception (Rabbit 6), the disease in these particular animals did not appear to be severe or especially mild as compared with other animals in their respective groups. There was, however, some peculiar condition in each case such as a short incubation period, a deficient or unusually active primary reaction, an experimental interference with the course of disease, or a slowly progressive and persistent course of primary and secondary infection.
These circumstances, taken in conjunction with what is known concerning the evolution of syphilis in the rabbit (4, 5) , provide an explanation for the occurrence of lesions that under ordinary circumstances do not occur at all or are of such minute proportions as to escape detection. Omitting the lymph nodes, the usual sequence of development of known syphilitic lesions in the rabbit, after testicular inoculation, is as follows: primary orchitis, metastatic orchitis or periorchitis, lesions of periosteum and bone, skin and mucous mem-branes, and eyes. The sequence is slightly different in the case of cutaneous or subcutaneous inoculations. The course of disease may be spontaneously arrested at any point in its progress or whenever the immunity developed is sufficient to bring the infection under control.
We have no definite knowledge concerning visceral susceptibility in animals but it is apparent that the viscera in general are either less susceptible to syphilitic infection than the parts enumerated above, or under ordinary circumstances, they are more effectually protected by reactions in other tissues. The evidence available indicates that the factor of protection is the more important of the two but there has been some uncertainty as to whether the protection is conferred during the course of the early reactions or during the terminal stages of the disease. The evidence obtained on this point is conclusive. In the experimental animal, the sequence of involvement and of protection is the same and it can be definitely stated that in five of the six rabbits involvement of the myocardium occurred at or near the time of occurrence of the earliest generalized lesions. In Rabbit 3 the myocardial lesion developed within 11 days after the appearance of the initial lesion in the testicles and in No. 4 the animal died with acute cardiac dilatation 22 days after the appearance of the primary lesions. That is, the time of occurrence of the myocarditis coincided with the occurrence of the earliest cases of metastatic orchitis. In Rabbit 5, the indications are that a similar condition existed as the myocardial lesions healed while those in other tissues were still active. The time relations are not so dearly defined in the two other animals (Nos. 1 and 2) but we know by comparison that the myocarditis occurred early and either coincided with or antedated the development of lesions in the bones and skin.
From a consideration of the facts cited above, it appears that the occurrence of myocardial lesions in the rabbit is determined or prevented by conditions that affect the early reactions. Theoretically, therefore, such lesions might be expected to occur if the usual protection afforded by primary and metastatic lesions failed either on account of the severity of the disease or of some individual or experimentally induced deficiency. Both of these conditions are applicable in the present instance. At the time these cases of myocarditis occurred, the average course of disease was especially severe; in one group of animals the course of events was interfered with by castration or treatment or by both, while in the other, for unknown reasons, the primary and metastatic lesions were comparatively slight. Apparently, the disease progressed so rapidly in one group of animals that there was no opportunity for the development of the usual protection, while in the other, the early reaction was inadequate.
From the biological point of view, it is of especial importance to note that involvement of the myocardium in the rabbit is an early rather than a late event in the evolution of disease. The same may be true of other forms of visceral syphilis. Most of the examinations that have been made with a view to discovering visceral lesions in rabbits have been carried out at comparatively late stages of the infection, and this may explain the apparent absence of visceral disease in the rabbit. With the information now available, it is not unlikely that systematic investigations, carried out at appropriate times and under favorable circumstances, may yield important information concerning visceral syphilis, and myocarditis in particular.
In conclusion, it should be pointed out that these observations cannot be applied to syphilis in man without making proper allowance for fundamental differences in the mechanism of the reaction to infection. They suggest, however, that myocardial involvement, in untreated cases of syphilis, is apt to occur early rather than late and that disturbance of the early reaction to infection, as by inadequate treatment, may increase the incidence and severity of myocardial infections which would become manifest at a later period. There is also conclusive evidence of the occurrence of a true syphilitic myocarditis which is not dependent upon an antecedent disease of the blood vessels but is of the same general order as the vascular lesions of syphilis. Biologically, this is what one would expect, as the heart is merely a specialized portion of the vascular system and should occupy a position comparable to that of the blood vessels with respect to the occurrence, distribution, and character of syphilitic lesions.
In the course of routine postmortem examinations of rabbits infected with Treponema p~lidum, six cases of pronounced granuloma-tous myocardifis were encountered. Treponemata were not demonstrated in the lesions, but the clinical history, and the gross and microscopic appearance of the lesions seemed to warrant a diagnosis of syphilitic myocarditis. The lesions measured 1.0 cm. or more in diameter and histologically were practically identical with those described by Warthin in cases of syphilitic myocarditis in man.
These are the first cases of syphilitic myocarditis or of visceral syphilis in the rabbit that have been reported.
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FIts. 1 and 2. Heart of Rabbit 2. In Fig. 2 , the pale wedge-shaped area in the cut edge of the myoeardium shows the relative extent of the involvement with respect to the endoeardial and epicardial surfaces. FIo. 8. A portion of the area shown in Fig. 7 . Note the extensive degeneration and necrosis of muscle fibers as compared with the proliferation of comaective tissue and cellular infiltration. This is a very acute lesion. X 250. Figs. 14 and 15 are to be compared with those showing lesions from syphilitic rabbits.
